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Description 



[METHOD AND APPARATUS FOR 
INITIALIZING SRAM DEVICE DURING 
POWER-UP] 

Background of Invention 

[0001] The present invention relates generally to integrated cir- 
cuit memory devices and, more particularly, to a method 
and apparatus for initializing an SRAM device during 
power- up. 

[0002] a typical static random access memory (SRAM) device in- 
cludes an array of individual SRAM cells. Each SRAM cell is 
capable of storing a binary voltage value therein, which 
voltage value represents a logical data bit (e.g., "0"or "1"). 
One existing configuration for an SRAM cell includes a 
pair of cross-coupled devices such as inverters. With 
CMOS (complementary metal oxide semiconductor) tech- 
nology, the inverters further include a pull-up PFET 
(p-channel) transistor connected to a complementary 
pull-down NFET (n-channel) transistor. The inverters, 



connected in a cross-coupled configuration, act as a latch 
that stores the data bit therein so long as power is sup- 
plied to the memory array. In a conventional six-transistor 
cell, a pair of access transistors or pass gates (when acti- 
vated by a wordline) selectively couples the inverters to a 
pair of complementary bitlines. 
[0003] An SRAM array, being a volatile memory device, does not 
retain the cell data therein once the array is disconnected 
from its power supply. Thus, during power-up of the ar- 
ray, the individual cells therein may experience a 
metastable state in which the two cell nodes initially re- 
main at approximately equal voltages somewhere between 
the nominal supply voltage value and ground. Under these 
conditions, the memory cell will experience high current 
conduction and unwanted power consumption as both the 
NFET and PFET devices of each inverter simultaneously 
conduct. In addition to this DC power consumption, a typ- 
ical SRAM array utilizes a bitline precharging scheme in 
which the bitlines are precharged to V dd potential during 
power-up. This provides a further AC current component 
in addition to the DC current dissipated by the metastable 
cells. 

[0004] Excessive power-up currents create power supply prob- 



lems in both system and test environments. Tester supply 
ramp rates are carefully adjusted to account for these ex- 
cessive currents. Furthermore, system power supplies may 
have to be over-designed to account for the above de- 
scribed initial high-current surge at power-up and pre- 
vent power supply stall. Metastability and high currents at 
power-up can be quite unpredictable and thus cannot be 
easily managed. Currents in the 10 A range have been ob- 
served in an 18 Mb CAM (content addressable memory) 
array during power-up. As SRAM densities increase with 
technology scaling, power-up currents resulting from 
metastable arrays may eventually exceed the capabilities 
of the tester/system power supplies. 
[0005] Accordingly, it would be desirable to be able to alleviate 
the high-current condition created by powering up a 
metastable memory device such as an SRAM or CAM array. 
Summary of Invention 

[0006] The foregoing discussed drawbacks and deficiencies of 
the prior art are overcome or alleviated by a method for 
initializing a static random access memory (SRAM) device 
during power-up. In an exemplary embodiment, the 
method includes clamping one of a pair of bitlines of the 
SRAM device to a logic low potential while allowing the 



other of the pair of bitlines to be coupled to a charging 
logic high potential. An SRAM storage cell within the SRAM 
device is forced to a stable state by selectively allowing a 
wordline potential of a wordline associated with the SRAM 
storage cell to follow the charging logic high potential, 
thereby coupling the SRAM storage cell to the pair of bit- 
lines. 

[0007] | n another embodiment, an apparatus for initializing a 
static random access memory (SRAM) device during 
power-up includes a clamping device configured to hold 
one of a pair of bitlines of the SRAM device at a logic low 
potential while the other of the pair of bitlines is coupled 
to a charging logic high potential. An isolation device is 
configured to force an SRAM storage cell within the SRAM 
device to a stable state by selectively allowing a wordline 
potential of a wordline associated with the SRAM storage 
cell to follow the charging logic high potential, thereby 
coupling the SRAM storage cell to the pair of bitlines. 
Brief Description of Drawings 

[0008] Referring to the exemplary drawings wherein like ele- 
ments are numbered alike in the several Figures: 

[0009] Figure 1 is a graph illustrating a simulated current con- 
sumption during a conventional power-up process for a 



72 Mb SRAM array; 

[0010] Figure 2 is a schematic diagram illustrating a method and 
apparatus for initializing an SRAM device during power- 
up, in accordance with an embodiment of the invention; 

[° 01 1 ] Figure 3 is a schematic diagram of an alternative embodi- 
ment of the method and apparatus of Figure 2; and 

[0012] Figure 4 is a graph illustrating various SRAM node volt- 
ages during power-up, using the initialization process of 
the present invention embodiments. 
Detailed Description 

[0013] Disclosed herein is a method and apparatus for initializing 
an SRAM device during power-up that advantageously uti- 
lizes the leakage array mechanisms of the FET devices 
within the wordline (WL) driver circuitry and/or p-well 
control of the array NFETs to initialize the cells at power- 
up with the minimum amount of circuitry and area over- 
head. Moreover, (and in contrast to existing power-up 
schemes) one of the bitlines in the bitline pair is kept at V $ 
(also used interchangeably with the terms "ground"and 
"logic low potential" herein) during power-up to further 
reduce the chip current demand during this period. The 
circuit techniques described hereinafter may be easily in- 
tegrated with little impact to existing circuit topologies, 



area overhead and layout complexity. 

[0014] Referring initially to Figure 1, there is shown a graph 100 
illustrating a simulated cell current consumption during a 
conventional power-up process for a 72 Mb SRAM array. 
The top portion of graph 100 shows the supply voltage v" d[ 
ramping up from 0 V to 1.0 V over a period of about 100 
us, with the internal SRAM cell nodes NC/NT powering-up 
to an approximately equal, metastable level between 0 V 
and V dd - As indicated previously, a metastable SRAM cell 
begins to draw an undesirable DC current component 
through the internal FET devices over time. Thus, the bot- 
tom portion of graph 100 illustrates the resulting cell cur- 
rent drawn by an individual, metastable SRAM cell during 
the same power-up interval. 

[0015] At about 65 us into power-up, the graph 100 demon- 
strates that a single metastable cell will draw about 0.9 uA 
of current. This metastable current level increases to 
about 3.5 uA after 80 us, and to about 5.5 uA after 100 
us. Given an SRAM array of over 72 million individual cells, 
there is a theoretical possibility that if every cell in the ar- 
ray remains in a metastable state for a duration of 100 us 
into power-up, then the total current draw could reach a 
level on the order of about 430 A. Although such a see- 



nario is highly unlikely as a practical matter, it will at least 
be appreciated that even if a small percentage of array 
cells (e.g., 5-10%) remain metastable for the duration of 
power-up, then the device could draw a significant 
amount of DC current without state resolution. 
[0016] Therefore, in accordance with an embodiment of the in- 
vention, Figure 2 is a schematic circuit diagram illustrat- 
ing a method and apparatus 200 for initializing an SRAM 
device during power-up. As will be recognized from the 
circuit diagram shown in Figure 2, an individual SRAM cell 
202 includes cross-coupled CMOS inverter pairs P0/ NO 
and PI/ Nl, along with NFET access transistors N2, N3 
that selectively couple the internal cell nodes NC, NT, to a 
corresponding bitline pair BLC, BLT, upon an appropriate 
control signal applied by a locally selected wordline WL. 
For illustrative purposes, Figure 2 also includes a repre- 
sentation of the sense amplifier circuitry 204 used for 
read operations, as well as write driver circuitry 206 used 
for write operations. The sense amplifier circuitry 204 is 
coupled to the bitline pair BLC, BLT, through PFET bit- 
switch transistors P2 and P3 (controlled by signal RBS), 
while the write driver circuitry 206 is coupled to the bitline 
pair BLC, BLT, through NFET bit-switch transistors N4 and 



N5 (controlled by signal WBS). 

[0017] a| so illustrated in Figure 2 is the local wordline driver/ 

restore circuitry 208 (including P6, P7, P8, P9, N8 and N9) 
controlled by a global wordline signal GWL, a local word- 
line decode signal SEL, and a wordline restore control sig- 
nal RST. As will be recognized, the wordline driver/restore 
circuitry 208 is driven by self-resetting logic and is con- 
figured to power-up to the shown reset state. 

[° 018 ] It should be noted at this point that the schematic dia- 
gram of Figure 2 illustrates exemplary relative strength 
values of the various NFET and PFET devices. For example, 
a device labeled "0.5x" has about half the strength (and 
thus size) of a device labeled "x". However, such designa- 
tions are provided by way of example only and should not 
be construed in any limiting sense. 

[0019] As indicated previously, a first aspect of the embodiment 
of Figure 2 operates to reduce the amount of current 
drawn by the array during power-up by limiting the AC 
current component created by precharging of the bitlines 
BLC, BLT to V .In this regard, the conventional bitline 

DD * 

precharge/restore circuitry 210 (e.g., PFETs P4, P5, and 
P6) is modified by the addition of a pull-down NFET N6 
that is configured to clamp one of the bitlines (BLT in this 



example) to ground during power-up. Another NFET N7 is 
used in conjunction with P4 for parasitic matching pur- 
poses, but has its gate terminal tied to ground so as to al- 
low the other bitline (BLC) to be precharged to V^. 
[0020] The second main aspect of the embodiment of Figure 2 
involves preconditioning the cell 202 to a stable state 
during power-up by utilizing the subthreshold and tunnel 
leakage current effects of PFET P9 within the wordline 
driver circuitry 208 so as to allow the voltage on the 
wordline WL to track the V dd voltage during power-up. 
The rise in the wordline voltage in turn causes the internal 
cell nodes NC, NT, to be coupled to the bitline pair BLC, 
BLT, thereby allowing the voltage differential therebe- 
tween to force the cell to a stable state. In this regard, an 
additional NFET N10 is placed in series with N9 in order to 
selectively isolate N9 from ground. This prevents N9 from 
providing a path for the leakage current through P9 and 
keeping WL at ground. In so doing, the leakage current 
through P9 will instead charge the wordline WL so that the 
voltage thereon tracks the power-up voltage on V dd . Be- 
cause N10 may also have leakage effects associated 
therewith, another weak PFET P10 is provided in the em- 
bodiment of Figure 2 as a separate leakage current supply 



such that N10 will not draw leakage current away from 
WL. 

[0021] The coordination of these current-saving aspects will be 
understood with reference to the power-on reset signal 
PORST, which may be generated on-chip or, alternatively, 
may be software-controlled. In the embodiment shown, 
PORST is low during power-up and trips up to V dd once a 
power-up detection level is met. Accordingly, during a 
power-up sequence, a low voltage on PORST is inverted to 
high by inverter 10, thus rendering N6 conductive so as to 
clamp BLT to ground. In addition, so long as PORST is low, 
the output signal of NAND gate 212a (Blrst2) will be high 
so as to prevent P6 from conducting and shorting the bit- 
lines to one another. This high signal also prevents P5 
from opposing N6 in pulling BLT to ground. At the same 
time, the low voltage on PORST prevents N9 from being 
coupled to ground, while also activating leakage current 
source P10. Thus, the leakage current through P9 that 
would ordinarily keep WL at ground potential is instead 
used to charge WL. In order to prevent a leakage path 
through N10 from opposing the charging of WL, leakage 
current source P10 is provided. 

[0022] Referring once again to the precharge circuitry 210, an 



active-low bitline restore signal (BLRST) is coupled, 
through inverter II, to both NAND gate 212a and 212b. 
The other input to NAND gate 212b is coupled to logic 
high. As such, signal Blrstl is a reproduction of BLRST, 
with the second NAND gate 212b being utilized for per- 
formance matching purposes. So long as BLRST is low, 
BLC will be precharged to V dd through P4. 

[0023] once the potential on V dd reaches a predetermined value, 
PORST will switch from low to high. At this point, N6 will 
be deactivated so as to allow BLT to be precharged to V dd 
through activation of P5 and P6, assuming BLRST is still 
active low. Furthermore, N10 is now rendered conductive 
so as to allow WL to return to its unselected state and thus 
isolate the SRAM cell nodes from the bitline pair. As a re- 
sult of the forced state in the SRAM cell (caused by the 
tracking WL voltage) and the clamping of BLT to ground, 
the power-up process implemented using the embodi- 
ment of Figure 2 consumes significantly less current than 
compared to conventional configurations having 
metastable cells and both bitlines precharged. 

[0024] Referring now to Figure 3, there is shown schematic dia- 
gram of an alternative embodiment 300 of the method 
and apparatus of Figure 2. In this embodiment, a leakage 



current supply PFET is not used in conjunction with NFET 
N10. As a result, N10 will draw some of the leakage cur- 
rent through P9 thereby decreasing the ability of the 
wordline voltage to track the ramping V dd voltage. How- 
ever, in order to compensate for a lower voltage on WL, a 
p-well bias is applied to each of the NFET devices of the 
SRAM cell 202 (i.e., NO, Nl, N2 and N3), thus reducing the 
threshold voltage of those devices (e.g., by approximately 
50 mV) and allowing the cell 202 to be preconditioned 
(written) at a lower value of WL voltage. As specifically 
shown in Figure 3, the p-well bias is generated through 
pull-up PFET P10 and NFET Nil, which is configured as a 
diode. Accordingly, the body terminals (p-wells) of the cell 
NFETs are coupled to a potential equal to the threshold 
voltage (V ) of Nil, instead of ground, during power-up. 

TH 

Once the proper V dd potential is reached, PORST goes 
high and the body terminals of the cell NFETs are coupled 
to ground through N12. 
[0025] Finally, Figure 4 is a graph 400 illustrating various SRAM 
node voltages during power-up, using the initialization 
process of the present invention embodiments. In order to 
demonstrate the robustness of the method, a 1 uA current 
source was coupled between cell node NC and V . As is 



shown, the wordline voltage (LWL) tracks well with respect 
to the rising V dd voltage during power-up. Moreover, al- 
though node NC is initially biased toward ground (and NT 
toward V dd ) due to the current source, the voltages are 
pulled in the opposite direction, and the cell is forced to a 
stable state about halfway into the power-up sequence. At 
about 90 ms, the wordline voltage is abruptly re-coupled 
to ground as a result of the power-on reset signal PORST 
switching to logic high. 

[0026] Also illustrated in graph 400 is the p-well bias voltage 

created by the embodiment of Figure 3. As is shown, there 
is a voltage threshold reduction of about 50 mV of the cell 
NFET devices when a p-well bias voltage is applied. Once 
PORST switches to high, the p-well bias voltage is re- 
moved and the p-wells of the NFET devices are returned 
to ground potential. 

[0027] while the invention has been described with reference to a 
preferred embodiment or embodiments, it will be under- 
stood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements 
thereof without departing from the scope of the invention. 
In addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the in- 



vention without departing from the essential scope 
thereof. Therefore, it is intended that the invention not be 
limited to the particular embodiment disclosed as the best 
mode contemplated for carrying out this invention, but 
that the invention will include all embodiments falling 
within the scope of the appended claims. 



